Objective: To examine the BRCA1-associated protein-1 (BAP1) expression of primary uveal melanomas without and with metastasis, and to analyze the correlation between the BAP1 immunoreactivity of primary uveal melanoma and other clinico-pathologic features.
Introduction
Uveal melanoma is the most common primary intraocular malignancy in adults. At the time of diagnosis, fewer than 5% of patients with uveal melanoma have detectable metastatic disease. In further course, however, about 40% of patients will develop metastases, and there is a high rate of mortality in patients with metastatic uveal melanoma. , Five genes have been identified to be frequently mutated in uveal melanoma, including BRCA1-associated protein (BAP1), Eukaryotic translation initiation factor 1A X-chromosomal (EIF1AX), Guanine nucleotide-binding protein subunit alpha-11 (GNA11), Guanine nucleotide-binding protein (Gq) subunit alpha (GNAQ) and Splicing factor 3B subunit 1 (SF3B1). - The BAP1 gene is located on chromosome 3p21.1 and encodes a nuclear ubiquitinase involved in epigenetic modulation of chromatin. Inactivating mutations in the tumor suppressor BAP1 are strongly associated with metastasis, suggesting that BAP1 may function as a metastasis suppressor in uveal melanoma. Koopmans et al. demonstrated a strong association between BAP1 immunostaining and BAP1 mutation status (sensitivity: 88% and specificity: 97%) in 74 patients with histologically proven uveal melanoma.
The purpose of this study is to examine the BAP1 expression of primary uveal melanomas without and with metastasis as well as to analyze the correlation between the BAP1 immunoreactivity of primary uveal melanoma and the clinico-pathologic features of patients with this tumor.
Patients and methods
Enucleated eyes with uveal melanoma that were accessioned into the L. F. Montgomery Ophthalmic Pathology Laboratory, Emory Eye Center, between January 2002 and October 2016 were collected, and the medical charts were reviewed. Inclusion criteria for the study patients were: (1) histologically proven uveal melanoma and (2) available clinical follow-up data. Exclusion criteria were: (1) tumor location confined only to the iris and (2) nonmelanoma histopathologic diagnosis. The clinico-pathological features evaluated included: patient age, sex, pretreatment modality, largest basal diameter (LBD), tumor thickness, histopathologic tumor cell type, scleral invasion, extrascleral extension at the time of surgery, rupture of Bruch's membrane, vortex vein invasion, gene expression profile (Decision Dx-UM; Castle Biosciences Inc., Phoenix, AZ), TNM stage, presence or absence of metastasis, and time to metastasis or metastasis-free follow up time. The study was HIPAA-compliant, followed the tenets of the Declaration of Helsinki and was approved by the Emory University Institutional Review Board.
Histology
Enucleation specimens were immediately fixed in formalin (10%) and embedded in paraffin. 5 μm thick pupil-optic nerve sections that included the center of the melanoma were mounted on glass slides, then sections were deparaffinized with xylene and rehydrated through a graded series of ethanol and distilled water. The sections were stained with hematoxylin and eosin (H&E) and periodic acid Schiff (PAS) as well as bleached sections were stained with H&E according to routine protocols. The slides were evaluated qualitatively and quantitatively with a light microscope (Olympus BHTU, Tokyo, Japan). The histologic cell type (spindle, mixed, epithelioid), largest basal diameter (LBD) and thickness of the primary tumor, scleral invasion, extrascleral extension, rupture of Bruch's membrane and vortex vein invasion were recorded.
Immunohistochemical staining
BAP1 immunohistochemistry was performed on paraffin tissue sections with the Leica Bond-III automated system (Leica Microsystems, Chicago, IL) using a red chromogen according to the manufacturer protocol. After deparaffinizing sections, heat-induced antigen retrieval was performed, and the sections were incubated for 20 minutes with BAP1 antibody (1:40 dilution; Santa Cruz Biotechnology, USA). This was followed by incubation with hematoxylin counterstain. The tissue sections were screened under low magnification (40×), and the three areas exhibiting the most intense BAP1 staining were selected for grading. Immunoreactivity was semiquantitatively evaluated in the nucleus and cytoplasm separately under 200× magnification using a 4-point scoring system (0 = positive staining in less than 10% of cells per high-power field, 1 = positive staining in between 10% and 33% of cells per high-power field, 2 = positive staining in between 33% and 66% of cells per high-power field, 3 = positive staining in 66% or greater number of cells per high-power field) ( Figure 1 , 2). BAP1 immunoreactivity grade was calculated as the mean score in the three most intensely stained areas separately for the nuclear and cytoplasmic BAP1 stain. The slides were graded twice in a masked fashion.
Data analysis
Descriptive statistics were calculated on demographic and clinical factors for those without metastasis and those with metastasis. Descriptive statistics are expressed as mean ± standard deviation (SD) for continuous variables and frequency and percent for categorical variables. For comparison of clinical variables of interest between those with and without melanoma, a t-test or Chi-square test was performed, as appropriate. Nuclear and cytoplasmic BAP1 stain was analyzed as a binary variable (low/high) using grade 1 as a cut-off (> grade 1 was considered a high BAP1 stain group and ≤ grade 1 was considered a low BAP1 stain group).
The relationship between the presence of metastasis and clinical variables of interest (LBD, tumor thickness, nuclear BAP1 stain) were also examined with bivariate and multivariate logistic regression models. Corresponding odds ratios and 95% confidence intervals were also calculated. An additional outcome, metastasis-free survival, defined as the time to the development of metastatic disease, was analyzed using the Kaplan-Meier method. If a subject did not develop metastic disease, they were censored at the time of last study visit. All statistical tests were completed with SAS 9.4 with an alpha of 0.05.
Results
Forty patients (22 males, 18 females) with primary uveal melanoma treated with enucleation were included in this analysis. The mean age of the patients was 57.98 ± 14.75 years (ranging from 24 to 86 years). Twenty patients had no metastatic disease during the 77.45 ± 42.26 months mean follow-up (Group A). Twenty patients developed metastasis in an average of 30.7 ± 23.13 months from the enucleation surgery (Group B). In Group A, ten patients had prior plaque brachytherapy and one patient was previously treated with transpupillary thermotherapy and proton beam radiation. In Group B, 4 patients were treated with plaque brachytherapy, 2 patients had proton beam radiation and 1 patient underwent ophthalmic artery embolization. In Group B, every patient had liver metastasis, six patients had lung, three patients had bone, 3 patients had local, 2 patients had subcutaneous and one patient had lymph node metastasis. Two patients (5%) had metastasis at presentation. All patients are alive in Group A, whereas five patients (25%) are alive with 15 patients (75%) deceased in Group B. Gene expression profiling was performed in 17 patients. In Group A, two patients had class 2, four patients had class 1 (not specified) and two patients had class 1A and 1B melanoma. Five patients had gene expression profile class 2, two patients had class 1B tumor in Group B.
Clinico-pathologic features of uveal melanoma patients without and with metastasis are summarized in Table 1 . In Group A patients the histologic cell type was mixed in 95% (19/20) and epitheloid in 5% (1/20), in Group B mixed cell type was found in 80% (16/20) and epitheloid in 20% (4/20) (P = 0.191). Significantly higher mean LBD (P = 0.006) and mean tumor thickness (P = 0.005) was observed in Group B. Optic nerve invasion was not found in either group. Statistical analysis did not disclose significant difference between the two groups in Bruch's membrane rupture (P = 0.204), scleral invasion (P = 0.127), extrascleral extension (P = 0.231) and vortex vein invasion (P = 1.000).
Immunohistochemistry
BAP1 expression was analyzed immunohistochemically on paraffin sections from primary uveal melanoma patients without (Group A) and with metastasis (Group B). In Group A, nuclear BAP1 stain was low (grade 0-1) in 10% (2/20) and high (grade 2-3) in 90% (18/20) . In Group B, low nuclear BAP1 immunoreactivity was found in 70% (14/20) and high nuclear BAP1 stain was observed in 30% (6/20) . No detectable nuclear BAP1 expression was observed in none of the patients without metastasis and 45% (9/20) of patients with metastasis. Cytoplasmic BAP1 stain was high in 100% (20/20) in patients without metastasis. In patients with metastatic disease, low cytoplasmic BAP1 immunoreactivity was observed 35% (7/20) and high cytoplasmic BAP1 stain was found in 65% (13/20) . A significantly lower nuclear BAP1 immunoreactivity score was found in Group B (P = 0.025). There was no statistically significant difference in cytoplasmic BAP1 stain between both groups (P = 0.092).
There was a significant difference in nuclear BAP1 immunoreactivity between patients with and without prior treatment (P = 0.006). No statistically significant difference in nuclear BAP1 stain was observed between patients with liver metastasis and those with multiple metastasis (P = 0.337). BAP1 reactivity in the nucleus did not differ significantly between 
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Author Manuscript patients with metastatic uveal melanoma who are alive and deceased (P = 0.433). Significantly lower nuclear BAP1 expression was found in patients with class 2 gene expression profile when compared to those with class 1 tumor (P = 0.001).
Bivariate logistic regression analysis confirmed that higher tumor thickness, basal diameter and more advanced TNM stage significantly increased the odds of developing metastatic disease (Table 2) . Additionally, it revealed that having higher nuclear BAP1 expression decreased the odds of developing metastasis. No other clinico-pathologic parameters contributed significantly to the development of metastatic uveal melanoma (P > 0.05). Multivariate logistic regression model showed that nuclear BAP1 stain was the only significant independent predictor of metastatic disease (P = 0.042) ( Table 3 ). Patients with high nuclear BAP1 stain had longer metastasis-free survival than those with low BAP1 stain (P = 0.004, Figure 3) . The estimated mean time to metastasis was 39.06 ± 7.41 months for low nuclear BAP1 stain and 138.12 ± 16.22 months for high nuclear BAP1 stain.
Discussion
It has been reported that germline BAP1 mutations measured in peripheral blood are present in approximately 22% (range 8% to 50%) of familial uveal melanomas compared with 2-4% in spontaneously occurring uveal melanoma cases. - Patients with tumor predisposition syndrome (TPDS) associated with BAP1 mutation have been reported to have an increased risk for different malignancies, including uveal melanoma. The affected patients can have multiple primary tumors which can be more aggressive than those in the average population. TPDS associated with BAP1 mutation is inherited in an autosomal dominant pattern with a high penetrance. Cebulla et al. identified a BAP1 germline mutation in young patients with uveal melanoma. Early age of cancer onset is thought to be an important feature of high-risk for hereditary predisposition to cancer even for TPDS in which uveal melanoma has been the earliest reported cancer. , This finding supports that BAP1 screening should be considered in young patients with uveal melanoma for prognostic stratification.
In our study, significantly lower nuclear BAP1 immunoreactivity was observed in patients with metastatic uveal melanoma when compared to patients without metastasis. We found no statistically significant difference between both patient groups regarding cytoplasmic BAP1 staining. The nuclear BAP1 stain was low (Grade 1) in 10% of patients without metastasis and 70% of patients with metastatic melanoma. None of the patients without metastasis had an absence of nuclear BAP1 staining (Grade 0) whereas 45% of patients with metastasis had Grade 0 nuclear BAP1 staining. Van Previous studies reported that BAP1 is a chromatin associated protein and located in the nucleus assessed by immunohistochemistry. , Wild type BAP1 was shown to be preferentially found in the nucleus, whereas mutant BAP1 proteins showed impaired nuclear localization with increased cytoplasmic appearance. Nuclear localization of BAP1 protein has been demonstrated to be required for tumor suppressor activity. This corresponds to our study of uveal melanoma patients with low nuclear BAP1 immunoreactivity which showed an increased incidence of metastasis. The estimated mean time to metastasis was 39.06 ± 7.41 months for low nuclear BAP1 stain and 138.12 ± 16.22 months for high nuclear BAP1 stain. We confirmed that tumor thickness, largest tumor basal diameter, more advanced TNM stage and nuclear BAP1 stain have a statistically significant relationship with the presence of metastasis. However, when we looked these parameters with multi-variate analysis, nuclear BAP1 staining was the only significant variable. Similar to our results, others have found a significant association between BAP1 immunoreactivity and metastatic progression of uveal melanoma. ,
Matatall et al. demonstrate that BAP1 is necessary for maintenance of melanocyte identity in uveal melanoma cells, and that loss of BAP1 leads to a damaged cell identity and a gain in stem cell-like behavior. Decatur et al. assumed that BAP1 mutation likely develops later in tumor progression and is of prognostic significance. They found BAP1 mutations to be associated with class 2 gene expression profile (P < 0.001), older patient age (P = 0.007) and high metastatic risk in their study population. Gene expression profiling (GEP) is a prognostic test to predict the risk of metastasis in uveal melanoma. It is an RNA-based classification test which includes 12 discriminating genes and three control genes. Uveal melanomas with the class 1A and 1B GEP have a very low and low metastatic risk, whereas those with the class 2 GEP have a higher risk of metastatic disease. However, Decatur et al. highlighted that the gene expression profiling is prognostically superior to the mutation status of BAP1 gene, thus the role of mutational analysis for prognostic stratification may serve as a supplement to gene expression profiling.
Previous studies investigated the BAP1 mutational status of metastatic uveal melanoma cells in the liver. , Kalirai et al. reported that the grade of BAP1 protein expression observed in primary uveal melanoma cells were retained in the liver metastasis. Variable BAP1 expression was demonstrated in liver metastases of uveal melanomas, supporting the concept that although BAP1 mutations are important for promoting uveal melanoma metastasis, the BAP1 expression may or may not be lost in the metastases in the liver. However, the present study confirms the importance of BAP1 mutation of the primary tumor cells in the development of metastatic disease.
Metastasis-free survival was significantly longer in uveal melanoma patients with strong nuclear BAP1 stain of the primary tumor cells. BAP1 immunoreactivity in the nucleus was detected in all patients without metastasis, nuclear BAP1 expression indicating properly functioning BAP1 protein was completely lost in 45% and low in 70% of patients with metastatic uveal melanoma. There is substantial evidence for a difference in time to metastasis in uveal melanoma patients with different grades of nuclear BAP1 immunoreactivity. Patients with low nuclear BAP1 stain showed an increased chance of metastasis. Besides lower nuclear BAP1 immunoreactivity, higher tumor thickness, basal diameter and more advanced TNM stage also contributed significantly to the development of metastatic uveal melanoma. However, nuclear BAP1 stain was the only significant independent predictor of metastatic disease in a multivariate analysis. Our data support the role of BAP1 immunohistochemical stain of primary uveal melanoma cells in evaluating the metastatic risk. Different grades of BAP1 immunoreactivity in the nucleus (100×), 0 = positive staining in less than 10% of cells per high-power field, 1 = positive staining (arrows) in more than 11% but in less than 33% of cells per high-power field, 2 = positive staining in more than 34% but less than 66% of cells per high-power field, 3 = positive staining in more than 67% of cells per high-power field. Different grades of BAP1 immunoreactivity in the cytoplasm (100×), 0 = positive staining in less than 10% of cells per high-power field, 1 = positive staining in more than 11% but in less than 33% of cells per high-power field, 2 = positive staining in more than 34% but less than 66% of cells per high-power field, 3 = positive staining in more than 67% of cells per high-power field. Kaplan-Meier metastasis-free survival curve for uveal melanoma patients with low and high nuclear BAP1 stain. 
